Introduction
Bottlenose dolphins (Tursiops truncatus) are found worldwide in tropical and temperate waters in both oceanic and coastal regions, i.e. bays, estuaries and inshore lagoons (Wells and Scott, 1999; Reynolds et al., 2000) . This species lives in a wide range of habitats (Kenny, 1990; Shane, 1990) and distinct forms have been reported in coastal and pelagic regions 1 (e.g. Mead and Potter, 1995) . However, whether or not these differences are species-specific should still be evaluated through morphological and molecular studies in areas of their occurrence (Wells and Scott, 2009 ).
In the Southwest Atlantic Ocean, records of this species have been reported from the state of Pará, northern Brazil (Siciliano et al., 2008) , to Tierra del Fuego in Argentina 2 .
Most information available is from the southern region, Santa Catarina State (Brazil) to Argentina, where resident populations of this species are found in bays and inshore lagoons (e.g. Simões-Lopes and Fabian, 1999; Fruet, 2008) . The species in the northern region seems to have more oceanic habits, and reported information is limited and fragmented. However an organized effort to collect and compile data on aquatic mammal strandings in northeastern Brazil began with the establishment of the Northeastern Aquatic Mammal Stranding Network (REMANE) in the end of the 1990s, and the implementation of the Aquatic Mammal Monitoring System (SIMMAM), an on-line database tool (Barreto et al., 2004) . The REMANE is a group of eight institutions engaged in marine mammal studies. Most of these institutions have been collecting stranding information for over ten years, but the collection of information was standardized only after the establishment of the network.
The objective of this study was to revise and to report information concerning bottlenose dolphin strandings and sightings in northeastern Brazil, to analyze geographical and temporal distribution and identify patterns for sex and age classes of stranded specimens. 
Material and Methods
The study area comprised coastal and oceanic waters in northeastern Brazil covering the following parts of the Brazilian territorial sea (Figure 1 ): the coastline between the western coast of Ceará State (CE, 02°56'S, 41°17'W) to the southern coastline of Bahia State (BA, 18°20'S, 39°40'W), with the exception of the western coast of Rio Grande do Norte State (RN), comprising 2295km. Efforts were made to examine stranded carcasses and record sightings of dolphins in the oceanic region, such as São Pedro and São Paulo Archipelago (SPSPA, 00°56'N, 29°20'W), Fernando de Noronha Archipelago (FNA, 03°50'S, 32°24'W), Rocas Atoll (RA, 03°50'S, 33°39'W) and Abrolhos Bank (AB, 17°20' to 18°10'S, 38°35'to 39°20'W). Published information on strandings and sightings were also obtained from SIMMAM.
In some states, stranding records were made based on phone calls from resident people from coastal communities who became aware of the institution through information campaigns; in other areas a beach monitoring program was used to search for carcasses. Therefore, effort throughout the study area was not uniform.
Information collected in each stranding event included: stranding location (with geographic coordinates), total length [in cm, according to Norris (1961) ] and sex of the animal. Information on anthropogenic interactions, such as net marks, stab wounds or removal of meat, eyes and teeth were also collected in some regions.
Age class was determined according to total length of the animals based on information available for bottlenose dolphin of the Atlantic (Fernandez, 1992) . Animals were classified according to total length as calves (up to 130cm), juveniles (between 130 and 230cm) or adults (greater than 230cm). Sex was determined by identifying the position of the genital opening or macroscopic gonad observation.
The following variables related to stranding records were analyzed: spatial distribution; temporal distribution in annual, monthly and seasonal scales (summer: January to March; autumn: April to June; winter: July to September; spring: October to December); sex and age class; evidence of anthropogenic interactions (when information was available). The BioStat 5.0 Software (Ayres et al., 2007) was used for the Chi-Square test (a=0.05) in order to evaluate statistically significant differences in stranding records for each region, per month, year and season, and for each sex. In addition, a Kruskal-Wallis (H) test (a=0.05) was used to evaluate differences in total length of adult animals recorded in each state.
Sighting data were collected during dedicated (seismic or research cruises) and opportunistic boat surveys. In research cruises and some seismic surveys, sightings were recorded by experienced marine mammal observers. Sightings in FNA reported for the first time in this study were collected during research cruises (n = 1372) from 1988 to 2010. During this period, surveillance and research cruises were also performed by experienced observers in RA (n = 7), SPSPA (n = 3) and AB (n = 2). Sightings during seismic surveys in CE and RN were recorded by experienced observers according to Parente (2005) .
Results

Strandings
A total of 72 bottlenose dolphin stranding events were recorded in the northeastern region of Brazil from January 1992 to April of 2010 (Table 1) .
The occurrence of stranding events was statistically higher in PE (1999 to 2009; c 2 =30.8; p<0.05), followed by BA (2004 to 2009), RN (1999 RN ( to 2010 and CE (1992 to 2010) ( Figures  1 and 2) .
The occurrence of stranding events was statistically higher in 2009 (10 events) compared to those in other study years, (c2=51.5; p<0.05; Figure 3 ). Monthly distribution showed greater number of stranding events in January (c 2 =25.7; p<0.05) followed by October and September. Although a higher number of stranding events were observed in summer ( Figure 4 ), no statistically significant difference was found in the seasonal distribution (c 2 =7.4; p>0.05). Most stranding events in which the identification of total length of the animals was possible (n = 51) showed a higher number of adult individuals (70.6%). Calves were never observed and juveniles accounted for 29.4% of the identified animals ( Figure 5 ). Total length of the dolphins ranged from 138 to 321cm (n = 30): 138 to 310cm for males (n = 19) and 168 to 288cm for females (n = 7). Average total length of adults was 281cm (SD = 0.22). No statistically significant difference was observed in total length of adult animals in each state (H = 9.27; p > 0.05).
Sex identification was possible in 40% of the individuals only, mainly because of the advanced stage of carcass decomposition. In events in which sex could be determined (n = 29), the number of males (n = 21) was significantly higher than that of females (n = 8) (c 2 = 5.82; p<0.05), showing a sex ratio of 2.6 males for each female. From the total (n = 72), eight specimens (11.1%) stranded alive. Four of these animals were confined in a tide pool at the Serrambi Beach (PE), and their total length was not measured. They were released to the sea after the tide rose. The other animals were two adults and two juveniles, which stranded in CE and BA states (see Table 1 ).
Evidence of bycatch and use of meat and blubber was recorded for six animals (8.3%): three in PE, two in southern BA and one in CE. 
Sightings
A total of 51 sightings of bottlenose dolphin were recorded in northeastern Brazil, 12 of which occurred in oceanic regions and 25 in islands laying on the continental shelf ( Figure 6 ; Table 2 ). The only sighting in the archipelago of Fernando de Noronha was a group of bottlenose dolphins seen showing agonistic behavior towards a group of spinner dolphins Stenella longirostris.
Six sightings occurred in the coastal region, coastal bays in BA and the mouth of the Vaza-Barris River in Sergipe State (SE). A mixed group of bottlenose dolphin and roughtoothed dolphin Steno bredanensis was observed two days in a row in the Todos os Santos Bay (BA) 3 .
Discussion
The occurrence of T. truncatus in the austral region of the Southwest Atlantic Ocean is widely known. There have been reports on resident populations of the species in estuaries, coastal bays and lagoons in southern Brazil such as Norte Bay (Wedekin et al., 2008) and Laguna (Simões-Lopes and Fabian, 1999), in the state of Santa Catarina; Tramandaí/ Imbé (Simões-Lopes and Fabian, 1999) and Lagoa dos Patos (Castello and Pinedo, 1977; Fruet et al., 2008) , in the state of Rio Grande do Sul (RS). However, information about the species in the northeastern region of Brazil to date has been sparse and fragmented with the exception of its occurrence in the São Pedro and São Paulo Archipelago (Ott et al., 2009) .
In this study, a great number of strandings and sightings of bottlenose dolphin were compiled for the northeastern region of Brazil, which showed that the species is present throughout the coast. According to Maldini et al. (2005) , when no other information is available, data on strandings may be used as indicators of the presence of a species in an area.
In the study area, the species seems to occur mainly in open regions, with the exception of the states of BA -where the species has been seen in coastal bays -and SE. In this latter state, only one sighting was recorded at the mouth of the Vaza-Barris River, with no records of strandings. However, fishermen from the Mosqueiro Village, at the mouth of the river, claim that a dolphin different from the Guiana dolphin (Sotalia guianensis) appears in the region. The description of the dolphin given by many fishermen leads one to believe that it is T. truncatus 4 .
The increased effort of stranded carcass investigation since 1999 following the establishment of REMANE may have resulted in an increased number of bottlenose dolphin carcasses recorded. In the states of CE and RN, this increase in stranding records may be a result of greater effort to fish king mackerel Scomberomorus cavalla and Spanish mackerel Scomberomorus brasiliensis, which is performed using pelagic gillnets 5 . This method of fishing is practiced in regions farther from the coast, in which the capture of pelagic cetacean species like bottlenose dolphin is more likely to happen.
Monthly distribution of the strandings showed that they occur throughout the year and have their peak in the month of January. This peak may be associated with an increase in the number of phone calls reporting strandings, since a large number of people can be at the beaches at this time of the year, and not necessarily due to a higher occurrence of stranding events. Meirelles et al. (2009) also reported a greater number of cetacean strandings in CE in the summer.
The maximum total length recorded in this study was 321cm for an individual whose sex was not identified. This value is lower than 385.9cm which was reported by Fruet (2008) in the state of RS, southern Brazil, for a male. According to Leatherwood and Reeves (1982) , total length of bottlenose dolphin varies inversely proportional to water temperature. In this way, such differences observed in warm waters of northeastern Brazil and in cold waters of RS are in agreement with other studies. Although a small number of females were recorded in this study, their body lengths were shorter than those for males, which is in accordance with findings by Fruet (2008) in RS.
The lack of calf records in this study could be related to the decomposition of the smaller carcass in a shorter period of time, consumption by necrophagous species or rapid sinking. These possibilities make one believe that calves which die in oceanic waters may not wash ashore. Therefore, the likelihood of animal records within this smaller age class would be reduced. A lower frequency of calf strandings was also reported by Fruet (2008) in the state of RS and Mattson et al. (2006) in the Gulf of Mexico, but these studies concerned coastal populations.
The frequency of stranded adult animals was higher in the northeastern region (70%) than in southern Brazil. According to Fruet (2008) , in the state of RS the majority of carcasses were from immature individuals (61.3%). However, body length of individuals and the interval of total length of age classes used in both studies were different. In addition, the habitat of the species in these areas is different, and the animals are also under different natural and anthropogenic pressures, which may lead to differences in frequency of classes identified.
The fact that most carcasses were identified as males might be related to the easier identification, as the penis is usually exposed, even in carcasses in late stages of decomposition.
Similar findings were reported in CE by Meirelles et al. (2009 ), in Puerto Rico by Mignucci-Giannoni et al. (1999 and in Texas (Worthy, 1998) . Moreover, sex identification was not possible in many carcasses. Therefore, we cannot conclude that males are dying more frequently than females.
In this study, few cases of interaction with fisheries were recorded and they might be underestimated as most stranded carcasses were in advanced stage of decay. Therefore, evidence of bycatch such as nets and rope marks and lesions were not possible to be identified. The interaction between cetaceans and fisheries in northern Brazil is mainly reported for the Guiana dolphin (Monteiro-Neto et al., 2000; Tosi et al., 2007; Meirelles et al., 2010) , but it is also reported for rough-toothed dolphin, Steno bredanensis, Clymene dolphin Stenella clymene, Atlantic spotted dolphin Stenella frontalis, melon-headed whale Peponocephala electra and short-finned pilot whale Globicephala macrorhynchus (Meirelles et al., 2009) . The same authors reported a bottlenose dolphin carcass in which eyes, dorsal fin and meat had been removed. This is a common practice in CE as the meat is used for either bait or human consumption and the eyes are used as a good luck charm. The observed percentage of sightings (23%) occurring around oceanic islands resulted from the animals' use of these island areas as a resting and feeding site, as it has already been reported for spinner dolphin Stenella longirostris in FNA (Silva-Jr, 2010) and for bottlenose dolphin in SPSPA (Ott et al., 2009) .
Although bottlenose dolphin has been the most studied dolphin species in the world, until recently it was considered as 'Data Deficient' by IUCN, i.e data were insufficient to identify if the species was within any category of threat. Due to its wide distribution and great abundance, the species was classified as 'Least Concern' in the red list (Hammond et al., 2012) in spite of several threats to local populations of this species.
In Brazil, the species is not included in the National List of Threatened Species (MMA, 2014) . With the exception of resident populations in the south of the country, and in SPSPA, little is known about the species in Brazil. In 2011, the Brazilian government published the Small Cetacean Action Plan (Rocha-Campos et al., 2011) , in which Brazilian researchers and stakeholders indicated important research and actions to increase knowledge and promote the species conservation.
Joint efforts, like those made by stranding networks and REMANE in this study, are very important to obtain solid data for a significant area of the coast in a relevant period.
Information about the occurrence areas of the species is essential so that studies could be developed to help guide effective management, fund conservation actions, as well as evaluate the conservation status of the populations.
